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Charge azimuthal correlations at 
RHIC and LHC
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Outline
• Introduction 

• Charge correlations at top RHIC energy

• Charge correlations at low RHIC energies

• Charge correlations at LHC energy

• Outlook & Summary
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Parity Violation in Weak Interactions

• Lee and Yang won Nobel Prize in 1957, because of prediction about parity 
violation in weak interactions and confirmation by Wu’s Cobalt experiment.
• How about parity conservation in strong interactions?
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 PV in SI: Chiral Magnetic Effect  
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DE Kharzeev

•Initial fluctuations of topological charge in QCD vacuum → P and CP 
odd metastable domains → Charge separation in the direction of 
magnetic field → CME indicates that parity can be locally violated in 
strong interactions.
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Where is CME?
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CME requirements:
(1) strong magnetic field
(2) fluctuating QCD source

How to observe CME experimentally? Two obeservbles so far,
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Exp. observable I: charge azimuthal correlation

CME expects:

Directed flow: vanishes
if measured in a symmetric rapidity range

Non-flow/non-parity effects:
largely cancel out

P-even quantity:
still sensitive to charge 
separation
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Exp. results about charge azimuthal correlation
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•Same-charge is negative and 
opposite-charge is positive, 
which is consistent with CME 
expectations.

•Bigger amplitude in same-
charge correlations compared 
to opposite-charge.

•Large difference in same-
charge vs opposite-charge 
correlations in the data 
compared to models.

PRL 103, 251601 (2009)
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Exp. observable II: charge asymmetry correlation
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CME
CME



e-Forum on High-energy Nuclear Physics in China, August 9, 2012 Guo-Liang Ma/马国亮 (SINAP)

Exp. results about charge asymmetry correlation
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CME
CME

CME

CME
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Can a CME signal be observed?

•Relativistic heavy-ion collision is a multi-stage dynamical evolution, then... 

 Can initial charge separation survive from final strong interactions? 

PRL 103, 251601 (2009)
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a multi-phase transport model 
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AMPT model introduction

(1) Default AMPT Model (2) Melting AMPT Model

(1) initial 
condition

(2) parton 
cascade

(3) hadroni-
zation

(4) hadronic 
rescattering

(C. M. Ko and Z. W. Lin et al. PRC 72, 064901 (2005))
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(1) Introduction

•We include initial charge separation mechanism into AMPT model.
We switch the py values of a fraction of the downward moving u quarks with those of the 
upward moving u-bar quarks, and likewise for d-bar and d quarks.

•We will focus on final interaction effects on the charge separation, including parton 
cascade, hadronization, resonance decays. 

•Resonance decays are implemented to ensure charge conservation.

How to study charge separation by AMPT model 
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(2) Charge separation observables

•For same-charge,  10% initial charge separation can describe data.
•For opposite-charge, initial charge separation is not necessary for all centralities except 60-70%.
•For centrality of 60%-70%, 10% initial charge separation can describe both same-charge and opposite 
charge.

AMPT results about <cos(φα+φβ)> 
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It is challenging to observe an initial charge separation of 
<5% in the presence of strong final state interactions.

G.-L. Ma, B. Zhang / Physics Letters B 700 (2011) 39–43
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•Parton cascade reduces charge separation significantly.
•Coalescence recovers some charge separation in part because it reduces the 
number of particles after combining quarks into hadrons.
•Resonance decays reduce charge separation.

Final state effects on <cos(φα+φβ)> 
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From a percentage of charge separation of 10% in the 
beginning, only 1-2% percentage remains at the end.

pion after hadronization
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(Bzdak et al.)

•AMPT results without initial charge separation are consistent with the expectation 
of transverse momentum conservation [dashed: <cos(φα+φβ)>=-v2/N].

• Transverse momentum conservation can partly account for data, therefore initial 
charge separation or other mechanisms are needed.

Charge separation vs trans. mom. conservation 
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•AMPT results with initial charge separation can well describe same-
charge data. 

•AMPT results without initial charge separation are consistent with 
the expectation from transverse momentum conservation [dashed: 
<cos(φα+φβ)> ∝ p+

n (n=2~3)].

Δη and pT dependences of <cos(φα+φβ)> 
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=(pTα+pTβ)/2
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•AMPT gives the same trends as 
data.

•Initial charge separation is not 
enough to make up for the large 
difference between AMPT and data.

•Other mechanisms?

AMPT results about <cos(φα-φβ)> 

Bzdak et. al., PRC 83, 014905 (2011)
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Directed flow: vanishes
if measured in a symmetric rapidity range

Non-flow/non-parity effects:
can not cancel out

P-even quantity:
still sensitive to charge 
separation

+
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AMPT results about charge asymmetry correlations (I)
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•For <A+A->, AMPT shows the similar trends 
as data, but smaller magnitudes.

•For <A2> , AMPT gives similar magnitudes for 
some centralities, but decreasing trends 
different from data. 
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AMPT results about charge asymmetry correlations (II)
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•For ∆<A+A-> and ∆<A2>, 
AMPT shows the similar 
trends as data, but can not 
match the data.

•Initial charge separations 
increase ∆<A2> and 
decrease ∆<A+A->, which 
is consistent with CME 
expectations.

•More detail studies are 
needed to understand the 
charge asymmetry data.
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NEW DATA：two energy directions
（1）RHIC

（2）LHC •With decreasing of RHIC energy，same- and 
opposite-charge correlations become closer and 
positive. 
•<cos(φα+φβ)> at LHC is consistent with that at 
RHIC，but <cos(φα-φβ)> at LHC is different from 
that at RHIC。

•The new exp. data require model explanations.

arXiv:1106.5902

arXiv:1106.2826
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•The percentage of initial charge separation decreases from ~10% for 200 GeV , 
~5% for 39 GeV (circles), to ~0% for 11.5 GeV(circles).

<cos(φα+φβ)> at low RHIC energies
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Initial charge separation effect decreases with the decreasing 
of energy.
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 <cos(φα+φβ)>  for Au+Au 7.7 GeV
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The partonic degree of freedom decreases with the decreasing 
of energy.

•The partonic interaction cross section decreases from ~10mb for 200 GeV, ~3mb 
for 11.5 GeV,  to no partonic but hadronic interactions only for 7.7 GeV.
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<cos(φα±φβ)> at LHC energy
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Initial charge separation at LHC seems similar as that at 
top RHIC energy.

•For same-charge <cos(φα+φβ)>, 10% initial charge separation can describe LHC data.

•For opposite-charge <cos(φα+φβ)>, initial charge separation is not necessary for all 
centralities except 60-70% and 70-80%.

•For <cos(φα-φβ)>, we only give the experimental trends, fail for the magnitudes.

Pb+Pb 2.76 TeV Pb+Pb 2.76 TeV
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Outlook
• RBRC workshop (https://www.bnl.gov/pcp2012/)

• QM2012 (exp. & theory)

• ...
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Yannis Burnier, Dmitri Kharzeev, Jinfeng Liao, Ho-Ung Yee
PRL 107, 052303 (2011)

Gang Wang’s talk

Electric Quadrupole Moment
& chiral magnetic wave

Yannis Burnier’s talk
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Summary
• final interactions play an important role, which can 

reduce the charge separation from 10% in the initial 
state to 1-2% in the final state. 

• The initial charge separation mechanism or other 
mechanisms are needed in order to describe data for 
top RHIC energy and LHC energy.

• Charge azimuthal correlation is a helpful observable to 
learn phase transition for RHIC beam energy scan 
program.

• However, much more studies are required to understand 
all of the RHIC and LHC data.
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